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(54) Wafer polisliing head 

(57) A polishing head (10) for polishing a semicon- 
ductor wafer includes a housing (1 4), a wafer carrier (20) 
nnovably mounted to the housing (14), and a wafer re- 
tainer (22) movably mounted to the housing (14). The 
wafer carrier (20) forms a wafer supporting surface, and 
the wafer retainer (22) Is shaped to retain a wafer in 
place on the wafer-supporting surface. A first fluid actu- 
ator (24,28) Is coupled to the wafer carrier (20) to bias 
the wafer carrier (20) in a selected direction with respect 
to the housing (14), and a second fluid actuator (36,42) 



is coupled to the wafer retainer (22) to bias the wafer 
retainer (22) in a second selected direction with respect 
to the housing (14). First and second fluid conduits 
(30,44) are coupled to the first and second actuators, 
respectively, such that fluid pressures In the first and 
second actuators are separately and independently ad- 
justable with respect to one another. Biasing forces on 
the retainer (22) can thereby be dynamically adjusted 
with respect to biasing forces on the carrier (20) during 
the polishing operation. 
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D scription 



This invention relates to a polishing head for use 
with a semiconductor wafer polishing machine Semi- 
conductor wafer polishing machines are well known in 
the art. and are conventionally used to planarize a sem- 
iconductor wafer, which may include one or more pho- 
tolithographic layers. Such polishing machines typically 
include one or more polishing heads, each of which sup- 
ports a respective semiconductor wafer and positions 
the wafer adjacent a polishing head. The polishing head 
IS moved relative to the polishing pad and a suitable pol- 
ishing slurry is introduced between the wafer and the 
pad. U.S. Patent Application No. 08/287,658, filed Au- 
gust 9, 1994, and assigned to the assignee of the 
present invention; discloses one such polishing ma- 
chine that utilizes a belt type polishing pad. Other pol- 
ishing machines use rotary polishing pads, and are dis- 
closed for example in U.S. Patents 5,329,732 and 
5,329,734. 

Typically, a polishing head includes a central wafer 
carrier which Is surrounded by a wafer retainer. The wa- 
fer carrier and the retainer cooperate to form a wafer- ^ 
receiving pocket that prevents the wafer from moving ■ 
laterally with respect to the polishing head during the 
polishing operation. It has been proposed to mount both 
the wafer carrier and the wafer retainer for relative 
movement with respecttothe remainder of the polishing 
head and to bias the carrier and the retainer outwardly 
toward the polishing pad. When this is done, both the 
retainer and the carrier are allowed to float to a limited 
extent with respect to the polishing head during the pol- 
ishing operation. 

It is of considerable importance that a wafer polish- 
ing machine be able to planarize substantially the entire 
area of the wafer. Difficulties often arise with respect to 
the marginal edge of the wafer, which can often be pol- 
ished at a rate different than that of the center of the 
wafer. If the polishing rate at the margin of the wafer 
differs excessively from the polishing rate at the center 
of the wafer, the margin of the wafer may not be suitable 
for use in standard photo-lithographic processes For 
this reason, it would be highly advantageous if it were 
possible to adjust the polishing rate at the margin of the 
wafer with respect to the polishing rate at the center of 
the wafer in order to achieve improved flatness of the 
wafer 

According to one aspect of this invention, a polish^ 
ing head is provided for a semiconductor wafer. This pol- 
ishing head comprises a housing, a wafer carrier mount- 
ed to the housing and comprising a wafer supporting 
surface, and a wafer retainer mounted to the housing 
and shaped to retain a wafer in place on the wafer-sup- 
porting surface. At least one of the wafer carrier and the 
wafer retainer is movably mounted to the housing and 
means are provided for creating a dynamically adjusta- 
ble differential biasing force between the wafer carrier 
and the wafer retainer during a polishing operation 



In the preferred embodiment disclosed below both 
the wafer earner and the wafer retainer are movably 
mounted with respect to the housing, and each is inde- 
pendently biased toward the polishing pad by a respec- 
5 tive fluid actuator. By separately controlling the pressu- 
rized fluid introduced into the actuators, the biasing 
force on the retainer can be selected substantially inde- 
pendently of the biasing force on the wafer itself. 

Because the retainer is positioned radially outward- 
10 ly from the wafer, it is the retainer that contacts the pol- 
ishing pad before the wafer itself. By suitably adjusting 
the biasing force on the retainer with respect to the bi- 
asing force on the carrier, the retainer can be adjusted 
so as to condition the polishing pad to achieve optimum 
IS polishing of the marginal area of the wafer. For example 
by increasing the biasing force on the retainer the 
amount of polishing slurry that is introduced to the mar- 
ginal edge of the wafer between the wafer and the pol- 
ishing pad can be reduced. By reducing the biasing 
20 force on the retainer, the amount of polishing slurry al- 
lowed to reach tfie marginal edge of the wafer can be 
increased: Similarly, proper adjustment of the biasing 
force on the retaining ring with respect to the biasing 
force on the container allows a desired degree of com- 
pression to be applied to the polishing pad immediately 
adjacent to the marginal edge of the wafer. 

The invention will now be described in detail, byway 
of example only, with reference to the accompanying 
drawings, in which: 
^0 Figure ^1 is a cross-sectional view of a polishing 
head which incorporates a preferred embodiment of this 
invention. In Figure 1 . the polishing head is shown in a 
polishing position, in which both the semiconductor wa- 
fer and the wafer retainer are in contact with a polishing 
55 pad. 

Figure 2 is a cross-sect bnal view of the polishing 
head of Figure 1 showing the wafer carrier and the wafer 
retainer in a loading position, ready for wafer loading. 
Figure 3 is a cross-sectbnal view of the polishing 
40 headof Figure 1 showing the wafer carrier and the wafer 
retainer positioned in an insert replacement position. 

Turning now to the drawings. Figure 1 shows a 
cross-sectional view of a polishing head 1 0 which incor- 
porates a presently preferred embodiment of this inven- 
^5 tion. This polishing head 10 can be mounted to any suit- 
able semiconductor wafer polishing machine, including 
any of the polishing machines discussed above, as well 
as others kriown now or in the future to those skilled' in 
the art. The polishing head 10 includes a spindle 12 
so which is rigidly secured to a housing 14. The housing 
1 4 IS made up of an inner housing 1 6 and an outer hous- 
ing 18. The inner housing 16 is rigidly secured to the 
spindle 12. as for example by bolts (not shown), and the 
outer housing 18 is hgidly secured to the inner housing 
S5 1 6. as for example by bolts (not shown). The housings 
14, 18 can be formed of aluminum or stainless steel. 

' The polishing head 10 also includes a wafer carrier 
20 and a wafer retainer 22. The wafer cari-ier 20 is cir- 
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cular in shape and is movably mounted with respect to 
the housing 1 4 by a first annular diaphragm 24. The car- 
rier can be formed of a ceramic such as alumina 995. 
The first diaphragm 24 can be formed of a resilient ma- 
terial such as BUNA material and is mechanically se- 
cured at its radially inner edge to the wafer carrier 20 
and at its radially outer edge to the outer housing 18. by 
mounting rings 26. The housing 14, the wafer carrier 20 
and the first diaphragm 24 cooperate to form a first fluid 
chamber 28 which is connected by a first fluid conduit, 
30 to a first adjustable pressure regulator 32. The first 
adjustable pressure regulator 32 is in turn connected to 
a source of pressurized fluid 34. - . . 

The wafer retainer 32 is annular in shape: and nripy- 
ably mounted to the housing 14 by a second diaphragm 
36, which is also annular in shape. Th(?. retainer .32, 9an 
be made ior example of DELRIN AF®.,.:Tlie inner and 
outer marginal edges of the second diaphragrn are se- 
cured to the outer housing 1 8 by mounting rings 38, and , 
the central portion of the second diaphragm is secured 
to the wafer retainer 22. by rnounting rings 40. Theisec: 
ond diaphragm 36 and the hoysing 14cooperat|^ tofprni 
a second fluid chamber 42 that is bounded in part,by the , 
second diaphragm 36. This.secondflutd chamber 42 is 
connected by a second fluid conduit 44 to g.secpnjp^acir, 
justable pressure regulator 46. The secpnd adju^able 
pressure regulator 46 is connected both the; source 
pressurized fluid 34 and to a vacuurn source 48. 

The wafer carrier defines a wafer-supporting .sur- 
face 50 vvhich in the conventional manner supports an 
insert 52. A vacuum conduit 54 is conducted between 
the vacuum source 48 arid the wafer carrier 20. The vac- 
uum source 48 can be. used to create a low pressure 
suction tending to hold a wafer W in place pn the insert.. 
52. When the wafer W is positioned on the insert 52= the 
wafer retainer 22 substantially surrounds Jhe wafer W 
to prevent undesired lateral movement between the wa- 
fer W and the polishing head 10. 

The first fluid chamber 28, the first fluid conduit 30 
and the first diaphragm 24 cooperate with the wafer car- ■ 
rier 20 to form a first fluid actuator. The first adjustable 
pressure regulator 32 can be used toadjust the pressure 
of a fluid such as air in the first fluid chamber 28 in order 
to provide a dynamically adjustable biasing force tend- 
ing to press the wafer W against the polishing pad P of 
the polishing machine. This first fluid actuator provides 
an evenly distributed force across substantially the en- 
tire upper surface of the wafer carrier 20, thereby mini- 
mizing uneven forces that might tend to distort the wafer 
carrier 20. The first diaphragm 24 performs both a 
mounting function in that it allows differential moven;)ent 
between the carrier 20 and the housing 1 4, and a sealing 
function in that it seals pressurized fluid in the first fluid 
chamber 28. 

The second diaphragm 36, the second fluid cham- 
ber 42 and the second fluid conduit 44 cooperate to form - 
a second fluid actuator which can be used to adjust a 
biasing force tending to urge the waf r retainer 22 out- 



wardly, toward the polishing pad P. The second ftuid ac- 
tuator is annular in shape and thereby applies evenly 
distributed biasing forces to the wafer retainer 22. The 
second diaphragm 36 performs two separate functions: 
5 movably mounting the wafer retainer 22 with respect to 
the housing 14, and sealing the second fluid chamber 
42. 

Because the first fluid chamber 28, the first fluid 
conduit 30 and the first adjustable pressure regulator 32 

10 are, isplated from and independent of the second fluid 
chamber 42. the second fluid conduit 44 and the second 
adjustable pressure regulator 46. the biasing forces on 
the wafer carrier 20 can be adjusted in a dynamic fash- 
ion during the wafer polishing operation vyith respect to 

IS th^e biasing forces on the wafer retainer 22. In this way, 
conditioning .forces applied by the.wafer retainer 22 to 
the. polishing pad P and the flow of polishing slurry onto 
the marginal edges of the wafer W can be adjusted in 
real time during the polishing operation. 

20 The first and second adjustable pressure regulators 
32, 46 operate as independently controllable valves. Of 
course, the widest variety of approaches can be used 
for the. regulators 32, 46, including both nnanually con- 
trolled and computer controlled regulators. Other suita- 

2$ ble-means for adjusting fluid pressure may be substitut- 

. Figure 1 shows the polishing head 10 in a use po- 
sition, in which both the wafer W and the wafer retainer 
22 are biased away from the housing 14, into contact 

30 with the polishing pad P. Note that in the polishing posi- 
tion both the wafer carrier 20 and the wafer retainer 22 
are free to float over a jimited range of movement, sus- 
pended by the respective diaphragms 24. 36. 

Figure 2 shows the polishing head 10 in a wafer 

35 loading position. In this, position, the polishing fiead 10 
has been moved away from the polishing pad and the 
pressurized fluids in the first and second fluid chambers 
28, 42 bias the wafer carrier 20 and the wafer retainer 
22 to extreme outer positions. In these positions, the wa- 

40 fer carrier 20 and the wafer retainer 22 form a wafer re- 
ceiving pocket 55. 

Figure 3 shows the polishing head 10 in an insert- 
replacement position. In this position, the wafer carrier 
20 is in the same position as in Figure 2. However, the 

45 second adjustable pressure regulator 46 (Figure 1 ) has 
been used to apply a vacuum to the second ftuid cham- 
ber 42 so as to move the wafer retainer 22 toward the 
housing 14. This moves the wafer retainer 22 inwardly 
of the wafer carrier 20. thereby exposing the insert 52 

so . for ready rerroval and replacement. 

The polishing head 10 can be used in a wafer pol- 
ishing operation by first mounting the wafer W on the 
wafer carrier 20 as shown in Figure 1 . The wafer can 
either b^ a bare substrate (without photo-lithographic 

55 layers) or a substrate bearing one or more photolito- 
graphic layers. The polishing head 10 is then brought 
adjac nt to the polishing pad P and relative movement 
is provided betwe n the polishing head 10 and the pol- 
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ishing pad P. This relative movement can be any desired 
connbination of linear and rotary motions. The adjustable 
pressure regulators 32. 46 are then used to bias the wa- 
fer carrier and therefore the wafer W against the polish- 
ing pad P and the retainer 22 against the polishing pad 
R By independently adjusting the regulators 32, 46, the 
relative biasing force on the wafer retainer 22 can be 
varied (either increased or decreased) with respect to 
the biasing force on the wafer carrier 20. In this way, the 
degree to which the polishing pad P is compressed be- 
fore it contacts the wafer W can be adjusted, as can the 
rate at which polishing slurry is admitted to the marginal 
edge of the wafer W. 

The first and second fluid actuators described 
above operate as a means for creating a dynamically 
adjustable differential biasing force between the carrier 
20 and the retainer 22. It should be recognized that other 
means can be used for dynamically adjusting the differ- 
ential biasing force between these two elements. For ex- 
ample, the entire polishing head 10 can be biased to- 
ward the polishing pad P and then either the carrier 20 
or the retainer 22 can be movably mounted with respect 
the polishing head 1 0 and independently biased toward 
the pad P. When this approach is used, either the carrier 
20 or the retainer 22 can be rigidly mounted with respect 
to the housing 1 4. 

Additionally, other sealing approaches can be used 
in substitution for the diaphragms 24, 36. For example, 
a single diaphragm can be provided which supports both 
the carrier 20 and the retainer 22. Alternately, bellows 
or pistons with sliding seals can be substituted for the 
diaphragms disclosed above. The diaphragms shown in 
the drawings are preferred, because they minimize fric- 
tion between the nrx)ving elements and the housing, 
while providing an excellent seal. 

Additionally, this invention can be implemented with 
other types of actuators. Fluid actuators using a pres- 
surized liquid can be substituted for the fluid actuators 
discussed above, which preferably use pressurized gas 
such as air. Furthermore, in some embodiments the fluid 
actuators can be replaced with actuators such as me- 
chanical springs having a means for adjusting the spring 
force provided by the mechanical spring. 

Finally, as pointed out above, the polishing head of 
this invention can be adapted for use with a wide variety 
of semiconductor wafer polishing machines, including 
machines with polishing pads having both linear and ro- 
tary movements. 

It is therefore intended that the foregoing detailed 
description be regarded as illustrative rather than limit- 
ing. It is the claims, including all equivalence, which are 
intended to define the scope of this invention. 
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Claims 

1 - A polishing head for polishing a semiconductor wa- 
fer, said polishing head comprising: 



55 



a housing; 

a wafer carrier mounted to the housing, said 
wafer carrier comprising a wafer-supporting 
surface; 

a wafer retainer mounted to the housing, said 
wafer retainer shaped to retain a wafer in place 
on the wafer-supporting surface; 
at least one of the wafer carrier and the wafer 
retainer movably mounted to the housing; 
means for creating a dynamically adjustable 
differential biasing force between the wafer car- 
rier and the wafer retainer. 

A polishing head for polishing a semiconductor wa- 
fer, saicj polishing head comprising: 

a housing; 

a wafer carrier mounted to the housing, said 
wafer carriier comprising a wafer-supporting 
surface; 

, ^ a wafer retainer mounted to the housing, said 
wafer retainer shaped to retain a wafer in place 
oh the wafer-supporting surface; 
at least one of the wafer carrier and the wafer 
retainer movably mounted to the housing; 
a fluid actuator coupled to said at least one of 
the wafer carrier and the wafer retainer to se- 
lectively apply a biasing force only to said at 
least one of the wafer carrier and the wafer re- 
tainer, thereby dynamically adjusting relative 
biasing forces on the wafer carrier and the wa- 
fer retainer 

A polishing head for polishing a semiconductor wa- 
fer, said polishing head comprising: 

a housing; 

a wafer carrier movably mounted to the hous- 
ing, said wafer carrier comprising a wafer-sup- 
porting surface; 

a wafer retainer movably mounted to the hous- 
ing, said wafer retainer shaped to retain a wafer 
in place on the wafer-supporting surface; 
a first fluid actuator coupled to the wafer carrier 
to bias the wafer carrier in a first selected direc- 
tion with respect to the housing; 
a second fluid actuator coupled to the wafer re- 
tainer to bias the wafer retainer in a second se- 
lected direction with respect to the housing; 
first and second fluid conduits coupled to the 
first and second actuators, respectively, such 
that fluid pressure in the first actuator is adjust- 
able with respect to fluid pressure in the second 
actuator. 

A polishing head as claimed in claim 3 further com- 
prising a spindle secured to the housing, wherein 
the first and second fluid conduits extend into the 
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spindle. 

5. A polishing head as clainned in claim 4 further com- 
prising first and second valves coupled to the first 
and second fluid conduits, respectively, said first 5 
and second valves being independently controlla- 
ble. 

6. A polishing head as claimed in claim 3 wherein the 
wafer carrier is mounted to the housing by a first 
diaphragrh. and wtierein the wafer retainer is 
mounted to the housing by a second diaphragm. 

7. A polishing head as claimed in claim 6 yvherein.the 
first and second fluid actuators comprise respective ^5 
first and second fluid chambers coupled to the^first 
and second fluid conduits, respectively, said first flu- 
id chamber bounded in part by the first diaphragm, 
and said second fluid chamber bounded In part by 

the' second diaphragm. 20 

8. A polishing head as claimed in claiiri 7 wherein the 
first fluid chamber is circular in shape, and wherein 
the second fluid charriber is arinular in shape. 

9. A polishing head as claimed in clairri 8 wherein the 
waf€»r retainer is annular in shape. 

10- A polishing head as claiimed in claim wherein the 
first and second directions are aligned with one an- -30 
other. 

11. A method for controlling polishing of a semiconduc- 
tor wafer, said method comprising the follpwing 
steps: * . . . ' ' 

a) mounting a semiconductor vyafer on a wafer 
carrier of a polishing head, said wafer su rround- 
ed at least in part by a wafer retainer; 

b) biasing the wafer against a polishing pad with 
a wafer biasing force; 

c) biasirig the wafer retainer against the polish- 
ing pad with a retainer biasing force; and 

d) adjusting the retainer biasing force with re- 
spect to the wafer biasing force. 

12. A method as claimed in claim 11 wherein step (b) 
comprises the step of providing a first pressurized 
fluid to the polishing head, wherein step (c) com- 
prises the step of providing a second pressurized so 
fluid to the polishing head, and wherein step (d) 
comprises the step of adjusting pressure of the sec- 
ond pressurized fluid with respect to pressure of the 
first pressuriz d fluid. 
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1 3. A method as claimed in claim 1 1 wherein step (d) is 
accomplished during a wafer polishing operation. 
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